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I. METHODOLOGY, MODELS AND COMPUTATIONAL DETAILS

31
A. Dissipative particle dynamics simulation (DPD)
32
Some years ago Hoogerbrugge and Koelman [1] introduced a new simulation technique called 33 dissipative particle dynamics (DPD). It is based on the simulation of soft spheres ("beads"), whose 34 motion is governed by simple force laws; in addition, it allows for the mesoscopic-scale modeling of 35 the self-assembly of surfactant and polymer systems. DPD is based on a coarse-grained 36 representation, where the internal degrees of freedom of the molecules are integrated out in favour 37 of a less atomistically detailed and more mesoscopic description of the system. Beads interact through 38 soft, short range potentials that lead to improved computational efficiency. Despite the simplicity of 39 the models, DPD can provide quantitatively and qualitatively correct descriptions of structural and 40 thermodynamic properties of complex systems [2, 3] .
41
DPD is an approach based on the classical equations of motion, DPD has enjoyed enormous 42 popularity in the modeling of systems at mesoscopic scale. DPD is a coarse-grained simulation 
49
where , and are the position, velocity and mass of the ith bead, respectively, and is the 50 total force exerted upon it. The total force is the sum of the conservative force ( ), random force ( ),
51
and dissipative force ( ) as follow:
The conservative force between the ith particle and the jth particle determines the thermodynamics 54 of the DPD system and is defined by a soft repulsion:
where is the parameter expressing the maximum repulsion between ith and the jth beads, and
is the unit vector denoting the direction from bead i to j. is a 58 cut-off radius, and it gives the extent of the interaction range between a pair of beads. The other two 59 forces in Eq. (S2) are the random force ( ), which is given as follows:
and the dissipative force ( ):
In Eq. (S4), is the amplitude of the noise. is a random number between 0 and 1 and is subject to 64 a uniform distribution for simplicity; it is statistically independent from the pair of beads. In Eq. (S5),
65
= − is the difference between the velocity of the ith bead and the jth bead, is the friction 
where is a cut-off distance. At interparticle distances larger than , all forces are equal to zero.
71
This simple distance dependence of the forces, which is a good approximation to the one obtained by 
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A. Models
95
The exact division of capsaicin, lecithin and chitosan molecules is presented in next figure S1. 
98
The matrix of interaction parameters according to Eq. S3 between every group shown in figure   99 S1 is presented in the next table. 
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105
. , finally for capsaicin are = . and = .
. The angles are taken of molecular 106 structures, from representative atoms in every coarse-graining group.
107
Others details of our simulations are = . , time step ∆ = . , mass = . and = . .
108
The parameters σ y γ of random and dissipative forces are equal to 3.0 and 4.5 respectively. All
109
simulations performed 50 blocks of × steps to reach a total of × steps or 24 µ s. The 110 density of all systems are chose as 3.0 and the total number of particles in each simulation is 150000.
111
All simulation parameters are in DPD units.
112
For fix the number of lecithin molecules that made a nanoliposome, we run an extra set of 
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We use these results for choose the ideal concentration of lecithin. The concentration chosen is =
122
. , the reason is because in the case A) the density of lecithin is low and there is a risk of the 123 membrane breaking and in cases C) and D) the density of lecithin is very high such that the aqueous 124 core is smaller and the structure of liposome is deformed.
The density profiles of capsaicin and lecithin help us to estimate the mean size of nanoliposome and 126 the encapsulation efficiency. In the figure S3 we show the density profiles only for the case of = 127 6mM and = 30mM. The way to obtain these properties is to taken the average of density profile
128
in the x, y and z coordinates and measure when the density begins to increase and when the density 
